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(57) ABSTRACT

In a method for determining ricochet vectors of a probe of a
coordinate measuring machine (CMM) using a computing
device, the computing device sets an approach distance
between the probe and a manufactured object. Coordinates of
a center of the probe and an initial vector of the probe for each
measurement point of the manufactured object are obtained
when the probe 1s manually operated to measure the manu-
factured object. A measurement element of the manufactured
object 1s fit according to all measurement points of the manu-
factured object. For each measurement point, an approach
point of the manufactured object 1s calculated, a position
relation between the approach point and the measurement
clement of the manufactured object 1s determined, and a
ricochet vector of the probe 1s calculated according to the
position relation.
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COMPUTING DEVICE AND METHOD FOR
DETERMINING RICOCHET VECTORS OF A
PROBE OF A COORDINATE MEASURING
MACHINE

BACKGROUND

1. Technical Field

The embodiments of the present disclosure relate to mea-
suring manufactured objects, and particularly to a computing
device and method for determining ricochet vectors of a
probe of a coordinate measuring machine.

2. Description of Related Art

Coordinate measuring machines (CMMs) are widely used
in industry to measure manufactured objects (e.g., metal cast-
ings). A CMM 1ncludes a probe used to contact with surfaces
of the manufactured object, to obtain coordinates of the sur-
faces of the manufactured object. When the CMM performs
automatic measurement of the manufactured object, contact
points of the manufactured object are determined according,
to ricochet vectors of the probe. The ricochet vectors indicate
directions in which the probe moves towards or away from the
manufactured object. I the ricochet vectors are found to be
incorrect, the contact points of the manufactured object may
be 1naccurate, so that measurement results of the manufac-
tured objects may be unreliable.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s one embodiment of an application of a computing,
device.

FI1G. 2 1s a block diagram of one embodiment of function
modules of a ricochet vector determination system 1n FIG. 1.

FIG. 3 1s a flowchart of one embodiment of a method for
determining ricochet vectors of a probe of a coordinate mea-
suring machine using the computing device in FIG. 1.

FIG. 4 illustrates one embodiment of calculating ricochet
vectors of a probe, where a measurement element of a manu-
factured object 1s a line on an XY plane and a slope of the line
does not exist.

DETAILED DESCRIPTION

The disclosure 1s 1llustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
in which like references indicate similar elements. It should
be noted that references to “an” or “one” embodiment 1n this
disclosure are not necessarily to the same embodiment, and
such references mean at least one.

In general, the word “module™, as used herein, refers to
logic embodied 1n hardware or firmware, or to a collection of
software instructions, written 1n a programming language,
such as, Java, C, or assembly. One or more software instruc-
tions 1n the modules may be embedded in firmware, such as in
an erasable programmable read only memory (EPROM). The
modules described herein may be implemented as either soft-
ware and/or hardware modules and may be stored 1n any type
ol non-transitory computer-readable medium or other storage
device. Some non-limiting examples of non-transitory coms-
puter-readable media include CDs, DVDs, BLU-RAY, flash
memory, and hard disk drives.

FI1G. 11s one embodiment of an application of a computing,
device 10. In the embodiment, the computing device 10 1s
connected to a coordinate measuring machine (CMM) 12.
The CMM 12 includes a probe 13 and a camera 14. The probe
13 contacts surfaces of a manufactured object (not shown 1n
FIG. 1) when the CMM 12 performs measurement of the
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manufactured object. The manufactured object may be a
molded part, such as a metal casting, for example. When the
probe 13 moves to measure the manufactured object, the
camera 14 focuses on the manufactured object. According to
a focus position of an optical lens of the camera 14, coordi-
nates ol a center point of the probe 13 are obtained.

The computing device 10 includes a ricochet vector deter-
mination system 11, a storage system 15, and at least one
processor 16. The ricochet vector determination system 11 1s
used to determine ricochet vectors of the probe 13. The rico-
chet vectors indicate directions 1n which the probe 13 moves
towards or away Ifrom the manufactured object when the
CMM 12 performs automatic measurement of the manufac-
tured object. In one embodiment, a magnitude of each of the

ricochet vectors 1s 1. The storage system 16 may be a dedi-
cated memory, such as an EPROM, a hard disk drive (HDD),
or flash memory. In some embodiments, the storage system
16 may be an external storage device, such as an external hard
disk, a storage card, or a data storage medium.

FIG. 2 1s a block diagram of one embodiment of function
modules of the ricochet vector determination system 11 in
FIG. 1. The ricochet vector determination system 11 includes
a setup module 200, an obtaining module 210, a fitting mod-
ule 220, and a calculation module 230. The modules 210-230
may comprise computerized code 1n the form of one or more
programs that are stored 1n the storage system 15. The com-
puterized code includes instructions that are executed by the
at least one processor 16, to provide the aforementioned func-
tions of the ricochet vector determination system 11. A
detailed description of the functions of the modules 210-230
1s grven 1n reference to FIG. 3.

FIG. 3 15 a flowchart of one embodiment of a method for
determining ricochet vectors of the probe 13 using the com-
puting device 10 1n FIG. 1. Depending on the embodiment,
additional steps may be added, others removed, and the order-
ing of the steps may be changed.

In step S301, the setup module 210 sets an approach dis-
tance between the probe 13 and the manufactured object, and
stores the approach distance into the storage system 15. The
probe 13 may move towards the manufactured object at a
predetermined speed within the approach distance.

In step S302, the obtaining module 220 obtains coordinates
of a center of the probe 13 and an mitial vector of the probe 13
for each measurement point of the manufactured object when
the probe 13 1s manually operated to measure the manufac-
tured object. The probe 13 contacts the manufactured object
at each measurement point when the probe 13 1s manually
operated to measure the manufactured object. In one
example, five un-collinear measurement points are selected
when the probe 13 1s manually operated to measure a sphere.
The mitial vector of the probe 13 indicates a direction 1n
which the probe 13 moves towards the measurement point in
manual measurement. In this embodiment, the obtaining
module 220 obtains the coordinates of the center of the probe
13 for the measurement points according to the focus position
of the optical lens of the camera 14.

In step S303, the fitting module 230 fits a measurement
clement of the manufactured object according to all measure-
ment points of the manufactured object. The measurement
clement may be a line, a plane, a circle, an arc, an ellipse, or
a sphere. In one example, the fitting module 230 fits a sphere
of the manufactured object according to the five un-collinear
measurement points. In one embodiment, the fitting module
230 uses a method of least squares, 1n conjunction with the
quasi-Newton iterative algorithm, to fit the measurement ele-
ment of the manufactured object.
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In step S304, for each measurement point, the calculation
module 230 calculates an approach point of the manufactured
object according to the approach distance and a correspond-
ing initial vector of the probe 13, determines a position rela-
tion between the approach point and the measurement ele-
ment of the manufactured object, and calculates a ricochet
vector of the probe 13 according to the position relation. A
distance between the measurement point and a corresponding
approach point 1s equal to the approach distance. A direction
from the corresponding approach point to the measurement
point 1s 1n the same direction as a direction of a corresponding,

initial vector of the probe 13. When the CMM 12 performs

automatic measurement of the manufactured object, the
probe 13 moves towards the measurement point 1n an oppo-
site direction of the ricochet vector and bounces off the mea-
surement point in the direction of the ricochet vector. The
calculation module 230 further stores the ricochet vector of
the probe 13 1nto the storage system 15.

In one example with respect to FIG. 4, the measurement
clement of the manufactured object 1s a line on an XY plane.
IT a slope of the line does not exist and the approach point of
the manufactured object 1s located on the left side of the line
(e.g., apointlabeled “p1”), the ricochet vector ol the probe 13
1s (=1, 0, 0). If the slope of the line does not exist and the
approach point of the manufactured object 1s located on the
right side of the line (e.g., a point labeled “p2”), the ricochet
vector of the probe 13 1s (1, 0, 0). IT the slope of the line exists
and a direction vector of the line 1s (a, b, 0), where a and b are
the distance along the x and y coordinates respectively, the
ricochet vector of the probe 13 1s (i jj 0), where 1 and 7 are
calculated according to equations i°+j°=0 and a*i+b*;=0. If
the approach point of the manufactured object 1s located on
the upper side of the line and the slope of the line 1s less than
0, or it the approach point of the manufactured object 1s
located on the down side of the line and the slope of the line
1s larger than O, 1 and j are calculated as follows:

52
TN 2+

and

[ ] ﬂ. [ ]
j:——ff:.i!.

b

If the approach point of the manufactured object is located
on the upper side of the line and the slope of the line 1s larger
than O, or 1 the approach point of the manufactured object 1s
located on the down side of the line and the slope of the line
1s less than O, 1 and j are calculated as follows:

In another example, the measurement element of the manu-
factured object 1s a plane. If a scalar product of the initial
vector of the probe 13 and a normal vector of the plane 1s less
than O, the ricochet vector of the probe 13 1s equal to the
normal vector of the plane. If the scalar product of the 1nitial
vector of the probe 13 and the normal vector of the plane 1s
larger than 0, a magnitude of the ricochet vector of the probe
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13 1s equal to a magnitude of the normal vector of the plane,
and a direction of the ricochet vector of the probe 13 1is
opposite to a direction of the normal vector of the plane.

In step S305, for each measurement point, the calculation
module 230 calculates coordinates of a contact point of the
manufactured object according to the coordinates of the cen-
ter of the probe 13 and the ricochet vector of the probe 13, and
stores the coordinates of the contact point into the storage
system 13. The probe 13 contacts the manufactured object at
the contact point when the CMM 12 performs automatic
measurement of the manufactured object. In one embodi-
ment, coordinates of the contact point of the manufactured
object 1s calculated as follows: (x1, y1, z1)=(x0, y0, z0)-Rx
(a, b, ¢), where (x1, y1, z1) 1s the coordinates of the contact
point of the manufactured object, (x0, y0, z0) 1s the coordi-
nates of the center of the probe 13, R 1s a radius of the probe
13, and (a, b, ¢) 1s the ricochet vector of the probe 13.

Although certain disclosed embodiments of the present
disclosure have been specifically described, the present dis-
closure 1s notto be construed as being limited thereto. Various
changes or modifications may be made to the present disclo-
sure without departing from the scope and spirit of the present
disclosure.

What 1s claimed 1s:
1. A method for determining ricochet vectors of a probe of
a coordinate measuring machine (CMM) being executed by a
processor of a computing device, the method comprising:
setting an approach distance between the probe and a
manufactured object, and storing the approach distance
into a storage system of the computing device;

obtaining coordinates of a center of the probe and an 1nitial
vector of the probe for each measurement point of the
manufactured object when the probe 1s manually oper-
ated to measure the manufactured object;

fitting a measurement element of the manufactured object

according to all measurement points of the manufac-
tured object; and

for each measurement point, calculating an approach point

of the manufactured object according to the approach
distance and the iitial vector of the probe, determining,
a position relation between the approach point and the
measurement element of the manufactured object, cal-
culating a ricochet vector of the probe according to the
position relation, and storing the ricochet vector of the
probe 1nto the storage system.

2. The method of claim 1, further comprising:

calculating coordinates of a contact point of the manufac-

tured object for each measurement point according to
the coordinates of the center of the probe and the rico-
chet vector of the probe, and storing the coordinates of
the contact point 1nto the storage system, wherein the
probe contacts the manufactured object at the contact
point when the CMM performs automatic measurement
of the manufactured object.

3. The method of claim 1, wherein a distance between the
measurement point and a corresponding approach point 1s
equal to the approach distance, and a direction from the
corresponding approach point to the measurement point 1s 1n
the same direction as a direction of a corresponding initial
vector of the probe.

4. The method of claim 1, wherein the coordinates of the
center of the probe are obtained according to a focus position
of an optical lens of a camera installed on the CMM.

5. The method of claim 1, wherein a magnitude of the
ricochet vector of the probe 1s 1.
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6. A computing device, comprising:

a storage system:;

at least one processor; and

a ricochet vector determination system comprising one or

more programs that are stored 1n the storage system and
executed by the at least one processor, the one or more
programs comprising instructions to:

set an approach distance between a probe of a coordinate

measuring machine (CMM) and a manufactured object,
and store the approach distance 1nto a storage system of
the computing device;
obtain coordinates of a center of the probe and an 1nitial
vector of the probe for each measurement point of the
manufactured object when the probe 1s manually oper-
ated to measure the manufactured object; {it a measure-
ment element of the manufactured object according to
all measurement points of the manufactured object; and

for each measurement point, calculate an approach point of
the manufactured object according to the approach dis-
tance and the initial vector of the probe, determine a
position relation between the approach point and the
measurement element of the manufactured object, cal-
culate a ricochet vector of the probe according to the
position relation, and store the ricochet vector of the
probe 1nto the storage system.

7. The computing device of claim 6, wherein the one or
more programs further comprise mstructions to:

calculate coordinates of a contact point of the manufac-

tured object for each measurement point according to
the coordinates of the center of the probe and the rico-
chet vector of the probe, and store the coordinates of the
contact point into the storage system, wherein the probe
contacts with the manufactured object at the contact
point when the CMM performs automatic measurement
of the manufactured object.

8. The computing device of claim 7, wherein a distance
between the measurement point and a corresponding
approach point 1s equal to the approach distance, and a direc-
tion from the corresponding approach point to the measure-
ment point 1s 1n the same direction as a direction of a corre-
sponding 1nitial vector of the probe.

9. The computing device of claim 6, wherein the coordi-
nates of the center of the probe are obtained according to a
focus position of an optical lens of a camera installed on the
CMM.

10. The computing device of claim 6, wherein a magnitude
ol the ricochet vector of the probe 1s 1.
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11. A non-transitory computer-readable storage medium
storing a set of instructions, the set of istructions capable of
being executed by a processor of a computing device to
implement a method for determining ricochet vectors of a
probe of a coordinate measuring machine (CMM), the
method comprising:
setting an approach distance between the probe and a
manufactured object, and storing the approach distance
into a storage system of the computing device;

obtaining coordinates of a center of the probe and an 1nitial
vector of the probe for each measurement point of the
manufactured object when the probe 1s manually oper-
ated to measure the manufactured object;

fitting a measurement element of the manufactured object

according to all measurement points of the manufac-
tured object; and

for each measurement point, calculating an approach point

of the manufactured object according to the approach
distance and the 1nitial vector of the probe, determining
a position relation between the approach point and the
measurement element of the manufactured object, cal-
culating a ricochet vector of the probe according to the
position relation, and storing the ricochet vector of the
probe 1nto the storage system.

12. The storage medium of claim 11, wherein the method
further comprises:

calculating coordinates of a contact point of the manufac-

tured object for each measurement point according to
the coordinates of the center of the probe and the rico-
chet vector of the probe, and storing the coordinates of
the contact point 1nto the storage system, wherein the
probe contacts the manufactured object at the contact
point when the CMM performs automatic measurement
of the manufactured object.

13. The storage medium of claim 11, wherein a distance
between the measurement pomt and a corresponding
approach point 1s equal to the approach distance, and a direc-
tion from the corresponding approach point to the measure-
ment point 1s in the same direction as a direction of a corre-
sponding 1nitial vector of the probe.

14. The storage medium of claim 11, wherein the coordi-
nates of the center of the probe are obtained according to a
focus position of an optical lens of a camera installed on the
CMM.

15. The storage medium of claim 11, wherein a magmitude
of the ricochet vector of the probe 1s 1.
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